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Device for heat shielding whan SIC is grown by CVD 
TECHNICAL FIELD OF THE INVENTION AND PRIOR ART 

10 

The present invention relates to a device for shielding the environ- 
ment against the heat produced when SiC is epitaxially grown by 
Chemical Vapour Deposition on a substrate while using a susceptor 
heated for heating the substrate and a gas mixture fed to the sub- 
15 strate for the growth, said device comprising a tube defining a room 
arranged to receive the susceptor and the substrate. 

SiC single crystals are in particular grown for being used in different 
types of semiconductor devices, such as for example different types 

20 of diodes, transistors and thyristors, which are intended for applica- 
tions in which it is possible to benefit from the superior properties of 
SiC in comparison with especially Si, namely the capability of SiC 
to function well under extreme conditions. SiC has a high thermal 
stability due to a large band gap between the valence band and the 

25 conduction band, such that devices fabricated from said material 
are able to operate at high temperatures, namely up to 1000K. 

However, the high thermal stability of SiC also means that high 
temperatures are needed for obtaining a good ordered growth 

30 thereof. The epitaxial growth of silicon carbide by Chemical Vapour 
Deposition is therefore carried out in a temperature regime in ex- 
cess of 1400°C. These high temperatures are needed both to obtain 
decomposition by cracking of the Si- and C-containing precursor 
gases of said gas mixture and to ensure that the atoms are depos- 

35 ited on the substrate surface in a good order. These high tempera- 
tures in a reactor for Chemical Vapour Deposition of SiC also 
means problems with shielding the environment, primarily the walls 

SUBSTITUTE SHEET (RULE 26) 
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of a vacuum casing in which the growth takes place and other sur- 
rounding equipment, against the heat emanating from the susceptor. 
For this reason a tube as defined in the introduction has been 
arranged, and this tube has been made of graphite felt, which ab- 
5 sorbs and retain the heat emitted from the susceptor, so that less 
heat has to be supplied to the susceptor and the reactor casing and 
other environmental equipment do not get too hot. 

The graphite felt is selected as material for the tube since it is 
10 comparatively free from impurities, it is easily available, it shields 
the heat very well and it is permeable to Rf-field radiation, which is 
of importance, since the susceptor is mostly heated by a Rf-coil lo- 
cated outside the reactor casing. 

15 However, the graphite felt is porous and it may raise dust because 
particles thereof may be torn away and if they land on the substrate 
they will cause severe defects of the crystal grown thereon, and 
said felt does also attract impurities from said gas mixture which 
may later on be released and incorporated into the epitaxially layers 

20 of the SiC crystal grown and by that cause so called "memory ef- 
fects" thereof. 

SUMMARY OF THE INVENTION 

25 The object of the present invention is to provide a device as defined 
in the introduction, which makes it possible to shield the environ- 
ment against said heat just as well or even better than when using a 
tube of graphite felt in such a device, but through which a remedy is 
find to the inconveniences associated with the use of graphite felt 

30 as material for said tube. 

This object is in accordance with the invention obtained by provid- 
ing said device with a tube having the inner walls at least close to 
the susceptor coated by a thin heat-reflecting film. It has been found 
35 that such a thin heat-reflecting film will reflect the heat coming from 
the susceptor back in the direction of the susceptor, so that it may 
be used for heating the substrate and said gas mixture and less 
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heat causing problems with cooling has to be supplied to the 
susceptor, which means that a surrounding casing and other equip- 
ment does not get too hot. Furthermore, it has surprisingly turned 
out that the temperature drop through such a thin heat-reflecting film 
5 will be considerable, so that materials which are preferred to be 
used in reactors of this type, but which do not withstand the high 
temperatures needed for the substrate and cracking of the gases of 
said gas mixture, may be used as materials for said tube. Further- 
more, and this is very important, such a film will not raise any dust 
10 as the graphite felt. A further advantage of such a film is that it does 
not absorb impurities causing so called "memory effects" from the 
gas mixture, so that the defects in the epitaxially grown SiC-layers 
may be reduced considerably. 

15 According to a preferred embodiment of the invention said film is a 
carbon film. It has been found that a thin carbon film is well suited 
as the thin heat-reflecting film with the object of the invention. A 
carbon film reflects the heat coming from the susceptor very effi- 
ciently, so that the temperature on the external side of the film will 

20 be several hundred °C lower than the temperature of the susceptor 

According to another preferred embodiment of the invention said 
tube is made of quarts internally coated by said film. Thanks to the 
use of said thin film quartz may be used as material for the tube, 

25 which is a desired material for the tube, since quartz may be easily 
flushed free from impurities by flushing gases and is also 
permeable to Rf-field radiation, so that Rf-filed radiating means may 
be used for heating the susceptor. Quartz can not stand 
temperatures above 1300*C, which should be compared with 

30 temperatures of 1 500-1 700°C mostly used for said epitaxial growth, 
but thanks to the application of said thin film, the temperature of the 
tube may be held below that upper limit for quartz. It has been found 
that the application of a carbon film on the tube of quartz will result 
in a temperature of only 1250°C at the external side of the film, 

35 when the susceptor temperature is 1550°C. 
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According to a still further preferred embodiment of the invention 
said film has a thickness of 2-10 urn. A film, preferably a carbon 
film, having a thickness within this interval has turned out to be 
most suitable, since an even thinner film will not reflect that good 
5 and a thicker film will be pealed off from the tube. 

The carbon film may in accordance with the invention be applied to 
the inside of a tube to be used for defining a room arranged to re- 
ceive a susceptor and a substrate in a device for epitaxially growing 

10 SiC by Chemical Vapour Deposition by introducing a C-containing 
gas into the tube and heating said gas until cracking thereof for 
deposition of carbon atoms as an even layer on the internal wall of 
the tube. This method gives rise to a very even black metal-like 
high-reflecting layer of carbon on the inside of the tube. It is advan- 

15 tageous to use methane gas as the C-containing gas. 

Another object of the invention is to provide a method for shielding 
the environment against the heat produced when SiC is epitaxially 
grown by Chemical Vapour Deposition on a substrate while using a 

20 susceptor heated for heating the substrate and a gas mixture fed to 
the substrate for the growth, said substrate and susceptor being 
enclosed in a casing. This object is in accordance with the invention 
obtained by flushing the casing with Ar-gas acting as a shield 
against transferral of heat from said susceptor to the casing through 

25 the gas located therebetween. Thus, by using argon gas as flushing 
gas when SiC Is grown by Chemical Vapour Deposition the very low 
thermal conductivity of argon leads to a better protecting of pri- 
marily the casing material than in the prior art methods, which have 
primarily used hydrogen gas as flushing gas. Thus, the heat trans- 

30 ferral through the gas is drastically reduced, but the heat radiation 
from the susceptor is of course not influenced. Furthermore, it would 
not be critical if argon would reach the vicinity of the substrate, 
since it will not be incorporated as impurity in the epitaxial layer of 
the SiC crystal. 

35 
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Further advantages and preferred characteristics of the invention 
will appear from the following description and the other dependent 
claims. 

5 BRIEF DESCRIPTION OF THE DRAWING 

With reference to the appended drawing, below follows a specific 
description of a preferred embodiment of the invention cited as an 
example. 

10 

In the drawing: 

Fig 1 is a simplified longitudinal cross-section view of a reactor for 
epitaxial growth of SiC by Chemical Vapour Deposition including a 
15 device according to a preferred embodiment of the invention and 

Fig 2 is a cross-section according to A-A in Fig 1 of the reactor 
according to Fig 1, in which some further unimportant details are 
omitted. 

20 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF 
THE INVENTION 

A reactor 1 for epitaxially growing SiC by Chemical Vapour Depo- 
25 sition is schematically shown in Fig 1 for explaining the principals of 
the invention. The reactor 1 comprises a casing 2 constituted by an 
outer tube 3 of quartz and end flanges 4 and 5 of stainless steel. 
The casing 2 delimits an inner volume in which vacuum is created 
by pumps not shown. The reactor further comprises an inner cell 6 
30 of graphite in the form of a tube extending in the longitudinal direc- 
tion of the outer tube 3. A gas mixture of C- and Si-containing gases 
and a H2 carrier gas will be fed to the inner cell 6 through a conduit 
7 penetrating the end flange 5. 

35 The inner cell 6 has a rectangular cross-section with a compara- 
tively small height, as seen in Fig 2, and a part of the bottom of the 
inner cell is formed by a susceptor 8 of graphite hanging in the inner 
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cell. The susceptor 8 is arranged to receive a substrate 9 thereon 
for epitaxial growth of layers of SiC thereon. The substrate 9 may 
for instance be crystalline SiC, Si or any Group Ill-nitride. The 
reactor does also comprise a heating means 10 in the form of a Rf~ 

5 field radiating coil arranged outside the casing 2 in the region of the 
susceptor and arranged to heat the susceptor by the Rf-field 
radiated thereby. Thanks to the fact that the casing 2 is made of 
quartz, it will be permeable to said Rf-field. The susceptor 8 is 
furthermore preferably coated by SiC, at least close to the substrate 

10 9, for preventing impurities in the graphite of the susceptor from 
being released into the inner cell and be incorporated into the epi- 
taxial layers of the substrate. The inner cell surfaces close to the 
susceptor are preferably also coated by SiC for the same reason. 

15 The inner cell 6 is suspended in the casing by rods 11 of quartz or 
aluminium oxide, and it is made of two parts 12, 13 connectable to 
and removable from each other, so that the part 12 containing the 
susceptor (to the left in Fig 1) may be removed from the casing 2 
after removal of the end flange 4 for checking the SiC crystal grown, 

20 replacing said SiC crystal by a new substrate, checking the state of 
the susceptor and so on. A susceptor may then also be removed 
from the inner cell for replacement or conditioning. 

The reactor also comprises a tube 14 of quartz with a somewhat 
25 smaller diameter than the outer tube 3 and which in a room 22 
defined thereby receives the inner cell and the susceptor. The inner 
tube 14 bears on the bottom of the outer tube 3. The tube 14 is 
internally coated by a thin carbon film 15 with a thickness of 2-10 p. 
m. This carbon film is highly heat-reflecting and have a metal-like 
30 lustrous character. It is created by introducing a C-containing gas, 
preferably methane gas, into the tube and heating said gas at a 
temperature of 1150-1250°C, so that the molecules of the gas are 
cracked and carbon atoms are deposited as an even layer on the 
internal wall of the tube. This is accordingly a process for manufac- 
35 hiring the tube 14. It has been found that the C-containing gas does 
hardly crack at a lower heating temperature than 1150°C and the 
quartz may be damaged if the temperature exceeds 1250°C. Thanks 
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to the fact that the tube is made of quartz and the carbon film is 
thin, it will be permeable to the Rf-field emitted by the heating 
means 10. 

5 The reactor also comprises two graphite plates 16 arranged on both 
sides of the susceptor 8 for reflecting heat radiated by the susceptor 
back towards the susceptor as well as a graphite plate 17 deviding 
the inner tube 14 into two parts and arranged to reflect heat coming 
primarily from the susceptor and the walls of the inner cell back. 

10 

The reactor also comprises means indicated at 18 for supplying a 
flushing stream of Ar-gas to the casing, which is intended to flow 
through the casing and leave this in a tube 19 connected to a pump 
not shown. The Ar-gas is intended to flush the walls of the inner 16 

15 and outer 3 tube of quartz for removing impurities thereon. The main 
reason for choosing quartz as a material for these tubes is exactly 
that impurities deposited thereon may very easily be flushed away. 
It has also been found that the Ar-gas has a not neglectible heat 
shielding effect, since argon has a very low thermal conductivity. 

20 More precisely, the argon gas flows in a small gap 23 between the 
susceptor and the inner tube 14 and reduces the heat transferral 
from the susceptor to the inner surface of the tube 14 through the 
gas therebetween. The argon gas also reduces such heat transferral 
to other parts of the tube 14. 

25 

The reactor has also a window 20 making it possible to determine 
the temperature in the susceptor 8 by looking at a bore drilled in the 
susceptor and measuring the radiation from such an "ideal" black 
body. 

30 

The reactor is used to grow films with a thickness of 1-50 urn for the 
use in primarily high power semiconductor devices and is as fol- 
lows: a gas mixture of C- and Si-containing precursor gases, for 
instances propane and silane, and a carrier gas, preferably H2, is 
35 introduced into the conduit 7 and drawn through the inner cell 6. A 
diffuser means not shown is arranged in the transition between the 
conduit 7 and the inner cell 6 so as to prevent the formation of a 
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central jet inside the inner cell 6. The heating means 10 heats the 
susceptor 8 and by that the substrate 9 and the gas mixture passing 
closely above the susceptor and the substrate to a temperature of 
preferably 1 500-1 600°C, so that the precursor gases are cracked 
5 and the Si- and C-atoms so formed are deposited onto the substrate 
9 while forming well ordered epitaxial layers thereon. The substrate 
9 is placed downstreams of the longitudinal middle of the susceptor 
8, so that the precursor gases of the gas mixture will reach a tem- 
perature resulting in cracking thereof before or when they reach the 
10 region of the substrate 9. The comparatively low height of the inner 
cell 6 make the gases pass closely above the susceptor and the 
substrate and facilitates the heating of the gas mixture, so that the 
epitaxial growth of SiC on the substrate 9 is promoted. 

15 The heat radiated by the susceptor 8 will reach the tube 14, which 
in particularly close to the susceptor, namely in the region thereun- 
der, will receive comparatively much thermal energy per time- and 
surface-unit. However, the carbon film 15 of the tube 14 will reflect 
said heat back towards the susceptor and the inner cell, so that 

20 there will be a temperature fall through said film 15 and it will on the 
outer side thereof only have a temperature of less than 1250°C, 
which will be of no problem to the quartz material of the tube 14. 
Thus, the arrangement of said thin carbon film will result in a lower 
heat supply from the heating means 10 thanks to the reflection of 

25 the heat back towards the regions of the inner cell to be heated, so 
that the temperature of the tube 14 and the casing 2 will be lower 
than otherwise without any need of any cooling by cooling fluids or 
the like. This does also make it possible to use quartz as material 
for the tube 14 and for the casing 2 without any need of additional 

30 cooling means. 

The carrier gas of the gas mixture and remaining parts of the pre- 
cursor gases and products of the cracking thereof will leave the 
inner cell through an opening 21 thereof near its end and through 
35 the tube 19. There is a small gap, which has been exaggerated in 
Fig 1, between the opening 21 and the tube 19, so that the flushing 
gas introduced through the conduit 18 and possibly other conduits 
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not shown may also leave the casing 2 through the tube 19. Apart 
from this opening 21 the inner cell 6 will be sealed with respect to 
the rest of the casing. 

5 The invention is of course not in any way restricted to the preferred 
embodiment described above, but several possibilities to modifica- 
tions thereof would be apparent to a man with ordinary skill in the 
art without departing from the basic idea of the invention. 

10 The heat shielding tube may be made of another material than 
quartz onto which a thin heat-reflecting film will be possible to be 
deposited, and this material may also be impermeable to Rf-field 
radiation, although that will complicate the heating of the susceptor. 

15 All parts of the reactor shown in the figures may of course have 
other geometric forms, and "tube" as defined in the claims has to be 
interpreted in its broadest sense also including for instance rectan- 
gular, triangular and other cross-section shapes. 

20 Although it has been shown how the entire heat shielding tube is 
internally coated by the thin heat-reflecting film, it will be possible to 
coat only portions thereof with such a film, which portions should at 
least comprise the portions close to the susceptor. 

25 Furthermore, said heat shielding tube does not have to extend so 
far upstreams and downstreams of the susceptor as shown in Fig 1 , 
but the extension thereof may be adapted to the actual conditions in 
the reactor in question. 

30 "The environment" in the claims has to be interpreted very broadly 
and comprises all types of equipment, walls and the like arranged 
near the susceptor and which by that may be exerted to heat deriv- 
ing therefrom. 

35 The definition "casing" in the claims includes all types of elements 
having walls enclosing the susceptor and the substrate, such as the 
inner tube described above. 
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Claims 

1. A device for shielding the environment against the heat produced 
5 when SiC is epitaxialiy grown by Chemical Vapour Deposition on a 

substrate (9) while using a susceptor (8) heated for heating the 
substrate and a gas mixture fed to the substrate for the growth, said 
device comprising a tube (14) defining a room arranged to receive 
the susceptor and the substrate, 
10 characterized in that the inner walls of the tube (14) are at least 
close to the susceptor coated by a thin heat-reflecting film (15). 

2. A device according to claim 1, 
characterized in that said film (15) is a carbon film. 

15 

3. A device according to claim 1 or 2, in which the susceptor (8) is 
heated by Rf-field radiating means (10) located outside said tube 
(14), 

characterized in that the tube is made of a material permeable to 
20 said Rf-field internally coated by said film (15). 

4. A device according to any of claims 1-3, 

characterized in that said tube (14) is made of quartz internally 
coated by said film (15). 

25 

5. A device according to any of claims 1-4, 
characterized in that the film (15) has a thickness of 2-10 urn. 

6. A device according to any of claims 1-5, 

30 characterized in that said film (15) has a metal-like lustrous char- 
acter. 

7. A method for applying a thin carbon film (15) to the inside of a 
tube (14) to be used for defining a room (22) arranged to receive a 

35 susceptor and a substrate in a device for epitaxialiy growing SiC by 
Chemical Vapour Deposition, 
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characterized jn that a C-containing gas is introduced into the tube 
(14) and heated until cracking thereof for deposition of carbon at- 
oms as an even layer on the internal wall of the tube. 

5 8. A method according to claim 7, 

characterized in that the C-containing gas is methane gas. 

9. A method according to claim 8 or 9, 

Characterized in that said heating is carried out at a temperature of 
10 1150-1250°C. 

10. A method according to any of claims 7-9, 

characterized in that the carbon atoms are deposited on a tube 
(14) of quartz. 

15 

11. A method for shielding the environment against the heat pro- 
duced when SiC is epitaxially grown by Chemical Vapour Deposition 
on a substrate (9) while using a susceptor (8) heated for heating the 
substrate and a gas mixture fed to the substrate for the growth, said 

20 substrate and susceptor being enclosed in a casing (2, 14), 

characterized in that the casing is flushed with Ar-gas acting as a 
shield against transferral of heat from said susceptor (8) to the 
casing (2, 14) through the gas located therebetween. 

25 12. A method according to claim 1 1 , 

Characterized in that said Ar-gas is at least led between the hottest 
surfaces of the susceptor (8) and the surrounding casing (14) mate- 
rial. 
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